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What are Terpenes and Why Do We Care?

» Monoterpenes (C,oH ) l@ _‘SB

» Sesquiterpenes (CcH,,) }
« Oxygenated Terpenes N /_@O/ //_>
 Distinctive Smells. Pine, Orange Blossoms, Licorice

e Reactive in the atmosphere
* Rolein Tropospheric O; Production

» Secondary Organic Aerosol Production



CALIFORNIA
=+ Aimmass Trajectories
=+ Ponderosa FPine Distribution

Francisc oy
\ r

N Rl B -
FICR S O 5. DegleT I'-=i||:'.|:

e Ponderosa pine plantation:12 years old, 6m tall
» Western slope of Sierra Nevada (1315m)

o Ameriflux Site: Simultaneous M easurements of CO,, H,0O, O,
Aerosol, NO,, NO,, ecosystem physiology



PTR MS

Proton Transfer Reaction Mass
Spectrometer

Innsbruck, Austria
Quadrupole Mass Spectrometer
|onization from proton transfer

Trace gases with higher proton
affinity than water

High time resolution

M ass based detection

Above-Canopy Flux
Measurements

E+n|1tb¢eawrema1t per h%ranch Level

+ Sum of 9 Speciated M gnQtesRERES

-Eddy-Covariance (EC)

+ F=wC

+ PTR-MS

+ 2Hz averaged over 30 min
<+ Total Monoterpenes




3 Monoterpenes Dominate Measured Mixing Ratio

b-pinene
a-pinene
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Mixing Ratios Agree Well but Some Periods of Discrepancy
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When Mixing Ratios Don’t Agree Well . ..
(Day 215 0700 PST)

PA |

8.5

754

6.5

5.5

FID1 A, (020730\001F3101.D)
FID1 A, (020730\001F2307.D)

Day 215 0700 PST
Day 216 0700 PST

If Unidentified Compounds are

12.686 - beta-pinene

Monoterpenes: Partially Account for
Mixing Ratio Discrepancy

-phellandrene

’»—— 11.374 - alpha-pinene
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Diurnal Flux Patterns of Monoterpenes and Ozone Agree Well
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* Periods of low O; — Total monoterpene mixing
ratio higher than X~ of known monoterpene species

 Many unidentified compounds detected by GC

e Chemical O, flux is 10 times higher than
monoterpene flux — 90% of emitted terpenes react

Inside the canopy

TN ﬁ

2. What is produced when the monoterpenes react
with O, ?

— and can we detect them in the canopy?




Experimental: Teflon Chambers

Particle Phase
Instruments
(CalTech)

Gas Phase
Instruments
(PTR-MS)




Terpenes

Oxygenated Terpenes
— methyl chavicol and linalool

Monoterpenes

— terpinolene, a-pinene, B-pinene, 3-carene,
o-terpinene, myrcene

Sesquiterpenes
— B-caryophyllene and a-humulene



Experiment 1. Methyl Chavicol (4-allylanisole)
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? Possible New Oxidation Products

(137)
o) ~~ +HCHO+0,

4-ethylaldehyde anisole 4-ethyl anisole
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Experiment 2: Terpinolene

|
—n -

terpinolene
acetone
mass 111

* L

(111)

(mass 111)/5 & mass 113 (ppb - estimated)

1-Methyl-1-cyclohexen—4-one

| |
0.6 0.8 1.0

elapsed time (hours)

Citriconic Anhydride
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3-Methyl-2,5-hexenaldehyde
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Gas Phase Mixing Ratio (ppb)

Experiment 3: 3-caryophyllene

Aerosol

elapsed time (hr)

0.20 0.25 0.30

0.05 0.10 0.15

0.0

mass 219 (ppb - estimated)



Gas Phase Mixing Ratio (ppb)

Experiment 3: 3-caryophyllene

A

A

\
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Mass 219 = ??

elapsed time (hr)

0.05 010 0.15 0.20 0.25 0.30

0.0

mass 219 (ppb - estimated)

Mass 253

COOH

S

Calogirou et. al. 1996



Carbon
Mass Yield

* Aerosol ~60% C
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acetone
W aerosol

M formic acid
M acetic acid

1

0.45

<
o

035 +—
0.3
0.25 -
0.2
0.15
0.1

(06/206) pI3IA sseiN O

i

0.05

0

15

T
i

T T T
o Lo o
o N

o

(Jow/jow) pIaIA JejoN

1.25

Te)
™~
o

Gas Phase
Molar Yield

Joojeu]

|021ABYD
[Aylaw

aua21Aw
auajouldial
auauid-q
auaJed-g

aus|nwiNy-e

aua||AydoAied
-q

ausuld-e

ausuid.ial-e



Series of Terpenes + O,
e Quantified aerosol yields

« Quantified upper limit yields of small oxidation
products!

« New tentative identification of larger oxidation
products

e Observed Multi-step Oxidation and Product
Formation



Mixing Ratios and Fluxes by GC FID- Above-Canopy Flux
REA and PTR-MS-EC compare well Measurements
and are 10 times |lower than chemical
O; flux 10% ‘

HEl D

Chemistry involvi ng 03 & unidentified [N NE——"

terpenes 90% In-Canopy Gradient
Can we detect the oxidation productsin [EEEhdids

the canopy? *

What is emitted is not the same as what aranch Level Enclosures
escapes the canopy?

What have we learned?
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Thank you!

DOE-GCEP-
Jeff Gaffney, Milt Constantin, Mary Kinney
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.= Chamber W|th Amb| ent Ozone Levels

— Chamber with Ozone Scrubbed (< 5 ppb)

- Reference Alr (Amb| ent or Scrubbed)
- oo SRR I




Reduced O, Levels Increase Relative Percentage

100% -
90% -
80% -
70% ~
60% -
50% ~
40% A
30% A
20% -
10% +

0% -

of Shorter—ived Monoterpenes

Above-Canopy 2002

H Group 1
B Group 2

Chamber + Ambient

Ozone

Chamber + Low
Ozone (< 5 ppb)

Group 1:

o.-pinene
B-pinene
3-carene

~ longer t

Group 2.
limonene
B-phellandrene
camphene
myrcene
terpinolene
o-terpinene
y-terpinene

> 10 unknowns

~ shorter t



Molar Yields from Unidentified Masses (m/z)
Produced from Terpene + Ozone Oxidation Reactions

indoo I
- m/z:

methyl chavicol [N 109. 111
myrcene [ 113, 125,

terpinolenc I 127, 143,
: 151, 157 . . .

arterpinene
b-pinene
a-pinene
3-carene @

0 0.2 0.4 0.6 0.8 1 1.2

Molar Yield (mole product / mole terpene)
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